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To all whom it may concern:

Beitknown that I, CLARENCE H. NORWOOD,
a citizen of the United States, residing at Chi-
cago, in the county of Cook and State of Illi-
nois, have invented a certain new and useful
Improvement in Circuit-Breakers, (Case No.
312 ) of whieh the following is a full clear,
concise, and exact descrlptlon reference be-
ing had to the accompanying drawings, form-
ing a part of this specification.

My invention relates to switches, and more
particularly to that class of switehes known
as circuit-breakers, and has for its object the
provision of means whereby circuits are pro-
tected both against overloadsand underloads.
Certain features of my invention, however,
are useful in connection with eircuit-breakers
that act exclusively on overloads.

As is well known to those skilled'in the art,
circuit-breakers are employed to protect cir-

" -euits and apparatus against overloads and
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short cireuits, the eircuit being opened auto-
matieally when the current has reached a pre-
determined value. It isimportant, however,
in certain classes of work to have the circuit
opened upon underloads or when the current
in the eircuit reaches a low or zero value.
This is especially true, for example, in the
operation of series-wound motor-driven
boosters, If for any reasen in the operation
of boosters of this class the motor-cireuit be
opened while the booster-generator is con-
nected to the line in Which the voltage is to
be raised, this generator will reverse and run
as a motor and being a series-machine oper-
ating on no load will very soon reach a dan-
gerous speed, which might even become dis-
astrous and destroy the machine. In such
instances the safety of the machine depends
upon the opening of the booster-generator
circuit the moment the motor portion ceases
to drive it.

A further illustration of the advantage of
opening the circuit upon underloadsis appar-
ent in the charging and operation of storage-
battery systems, wherein a drop of voltage in

the main generator may cause the storage |

batteries to reverse the current therethrough,
thereby driving the generator as a motor.

.

In such eases it is desirable (even though a
shunt- wound generator is employed which
will in the instance under consideration not
change its direction of rotation when driven
asa motor) to open the generator- c1rcult when
the current becomes zero.

In accordance with the preferred embodi-

ment of my invention I provide a ecircuit-

breaker which combines in one instrument
means for opening the cireuit upon overloads
or short cireuits, as well as means for opening
the ¢ircniton undelloadb or when the current
becomes zero.

Genemlly speaking, my invention consists,
in its preferred form, of an armature pivot-
ally mounted a shoxt distance from one ead
thereof, thns forming two lever-arms, the
normal position of’the armature being sub-
stantially horizontal. A movement or partial
rotation of the armature in one direction is
occasioned by overloads and in an opposite
direction by underloads or open circuit, the
armature upon ‘a sufficient movement in
either direction operating a tripping devme
or cateh to release the switch-arm, which is
thereupon automatlcally operated bya spring
to open the circuit or otherwise render the
operation of the booster-generatorineffective.

To reduce the number of ampere-turns re-
quired in operating the armature, I provide
a closed magnetic circnit ineluding the arma-
ture. The closed magnetic circuit prevents
scattering of lines of force to a large extent,
thereby maklng the action of the dev1ce more
positive. The action of the armature is con-
trolled, preferably, by means of springs act-
ing in conjunction with the magnet.

I will describe an embodiment of my in-
vention as applied more particular ly to boos-
ters by reference to the accompanying draw-
ings, in which—

qure 1 is a front view, partly in section,
of my improved apparatus, its cireuit connec-
tions being indicated diagrammatically. Fig,
2isa s1de view thereof. :

Like characters of reference indicate like

parts in the two views.
A main generator 1 is shown as supplying
current to the mains 2 2 the voltage of the
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current wherein is to be raised, a booster con-
sisting of a motor portion 3 and a generator
portion 4 being employed for this purpose.
The motor is in shunt of the mains 2 2, a cir-
cuit-breaker 5 and a switch 6 being included
in the same bridge with the motor. The
series-generator portion 4 of the booster isin-
cluded in series with the mains 2 2 through a
switeh 7 and a switch or circuit-breaker 8.
The conducting-strip 9 of the circuit-breaker
is shown to be included in the main cireuit
at the terminals 10 11, the said conducting-
strip being supplied with a carbon contact-
break, as is well known in the art. The con-

tact portion 9 is secured to a pivotally-mount-.

ed or swinging handle 12, which is held in its
closed position by means of a catch 13, en-
gaging a projection 14 of the handle 12. The
pivotally - mounted catch or detent 13 is
brought out of engagement with the projec-
tion 14 by means of a tripping-rod 15, made,
preferably, of brass, which is operated by the
movement of an armature 16.

I preferably include the armature 16 in a
magnetic circuit consisting of the core 17 and
the angular or L-shaped magnetic strip 18,
through which portion 18 the lines of force
pass from one end of the core 17 to the arma-
ture, the lines of forece returning to the core
throtigh the armature. This magnetic cir-
cuit is thus practically closed. In the em-
bodiment shown I preferably employ two
coils for energizing the magnetic circuit, one
of which, 19, isincluded in series with the cir-
cuit to be opened, the other coil, 20, being
preferably included in the shunt-circuit of
the field of motor 3.

I preferably pivotally mount the armature
16 between its ends upon the bent strip 18 in
such manner as to provide an extending arm
21, whieh projects beyond the portion 18.

The tripping-arm 15 preferably passes.

through the core 17 and rests normally upon
the armature 16 out of operative engagement
with the catch 13. The extending arm 21 of
the armature is in engagement with an arm
22, pivotally engaging one end of another arm
23, rotatably secured at its other end to a fixed
pivot. The arm 23 is preferably provided
with a eireular opening, through which passes
the arm 15, the said arm being adapted to
move vertically in said opening. I prefer-
ably provide the arm 15 with a collar 31,
placed slightly above the arm 23, normally out
of engagement therewith and slightly re-
moved therefrom.

The projecting arm 21 of the armature is
provided with a lug 24, which is normally in
engagement with an angle-piece 25, upon
which a force is exerted upwardly by a spring
26, whose tension may be suitably varied —
as, for instance, by means of a nut 27 and
screw 28. The upward movement of the an-
gle-piece 25 is limited by a stationary support
29, thereby determining the normal condition
of the armature 16. Iemploy asecond spring
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30, preferably weaker than the spring 26, for
the purpose of reinforeing gravity to insure
the release of the armature when the magnetic
pull is not sufficient to hold it in its normal
position.

The operation of the device will now be
clear. When no current traverses the coils
19 and 20, the armature 16 will drop, due to
the combmed action of gravity and of the
spring 30. The arm 22 will then be in its up-
permost position, as will the arm 23. The
arm 23 is thereby brought into engagement
with the collar 31, thereby raising the trip-
ping-arm 15 and placing the cateh 13 in such
a position that it will not engage the projec-
tion 14. When the catch is in this position,
the switch obviously cannot be locked in a
closed position, as the cateh will not engage
the same, the spring 32 throwing the switch
open when released.

The coil 19 in series with the mains is com-
posed of but few turns of wire or bar, which
are alone insufficient to raise the armature to
effect the engagement of the cateh with the
projection 14 on t,he breaker or switch, so that
even if the breaker or switch be closed and
current threads the said coil the catch 13 will
not hold it in place. The coil 20 has a suffi-
cient number of turns so that the ampere-
turns thereof create a field strong enough to
bring the armature to its normal posmon,
as indieated in the drawings. When the
armature assumes this position, which it does
when conditions are normal, the arms 23 and
22 are lowered out of envagemenb with ‘the
collar 31 upon the arm 15, thus releasing the
catch 13 and permitbing it to engage the
projection 14 when the breaker is normally
closed. The arm 15 now rests upon the ar-
mature, but is not raised sufficiently to trip
the cateh 13. The arm 15 is in the form of a
plunger- extending through the core of the
magnet. Another important feature of this
construction is now apparent in that the
booster-circuit cannot be closed unless the
motor-circuit is already closed, so that there
is no danger that the generator 4 will operate
as a motor. A sudden overload will cause
the armature to be attracted suddenly, due to
the increased magunetism created -by the coil
19, thus raising the arm 15 and releasing the
catch 13. A magnetic circuit of compara-
tively low reluctance is provided by the use
of the angular piece 18, and the ampere-turns
xequlred to energize the armature are there-
by greatly redueed

An underload ot break in the motor-circuit
will release the armature, which, reinforced
by the spring 30, raises arms 22 and 23, there-
by tripping the eatch 13 and opening the cir-
cuit., The resistance offered by the armature
to the attractive power of the coils depends,
of course, upon the tension of the spring 26,
which may be adjusted for the amount of
overload upon which the breaker is to open
the circuit.
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Switches 6 and 7 are provided for opening.

~ the respective circunits protected by either of
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the circuit-breakers 5 and 8 when either of
the breakers has operated to open either cir-
cuit.

I have shown a speed-controlling device 34

in series with the field of the motor 3, which

speed-controlling device is used for weaken-
ing or strengthening the field of such motor
to inerease or decrease its speed, thereby to
cause a more effective regulation of the sys-
tem.

I have herein shown and particularly de-
scribed the preferred embodiment of my in-
vention; but I do not wish to be limited to
the precise arrangement shown, as my inven-
tion is susceptible of many modifications.

Having thus described my invention, I
claim as new and desire to secure by Letters
Patent—

1. In a circuit-breaker, the combination
with the switch member thereof, of an elec-
tromagnet having suitable eireuib connec-
tions for increasing its effective energization
upon overload and permitting of effective de-
energization upon underload, a single arma-
ture for the electromagnet normally held in
an intermediate position, and a single means
for holding the switeh in a closed position,
the said armature being adapted when fur-
ther attracted by the electromagnet upon
overload to operate said means to release the
switch, and being further adapted when re-
leased by the electromagnet upon underload
also to operate said means to release the
switch, substantially as described.

2. In a circuit-breaker, the combination
with a switch, of a detent for normally secur-
ing the same in a closed position, an electro-
magnetb, an armature therefor, and mechan-
ism interposed between the armature and de-
tent, normally permitting the detent to retain
the switch in a closed position, said mechan-
ism being adapted to be operated by the ar-
mature when further attracted by the elec-
tromagnet upon the occurrence of an over-
load to operate the detent and release the
switech, and being adapted also to be oper-
ated by the armature when released upon the
occurrence of underload to operate the de-
tent and release the switch, substantially as
described.

3. In a circuit-breaker,
with a switch, of a detent for normally secur-
ing the same in a closed position, an electro-
magnet, an armature therefor which is piv-
otally mounted between its ends, an adjust-
ing-spring acting upon the armature on one
side of a pivot and colperating with the elec-
tromagnet when normally energized for hold-
ing the armature in an intermediate position,
the said electromagnet acting upon the arma-
tare on the other side of its pivot, and mech-
anism intervening between the armature and
detent, said mechanism being operated by
the armature when further attracted by the

the combination”

3

electromagnet in opposition to said spring to
operate the detent and release the switch,
said mechanism being also operatied when the
armature is released by the electromagnet to
operatethedetent and release the sw1tch sub-
stantially as described.

4, In a circuit-breaker, the combination
with a switch, of a detent for normally secur-
ing the same in a closed position, an electro-
magnet, an armature therefor which is piv-
otally mounted between its ends, an adjust-
ing-spring acting upon the armature on one
side of its pivot and cobperating with. the
electromagnet when normally energized for
holding the armature in an intermediate po-
sition, the said electromagnet acting upon the
armature on the othersideof its pivot, mech-
anism intervening between the armature and
detent, said mechanism being operated by
the armature when further attracted by the
electromagnet in opposition to said spring to
operate the detent and release the switch,
said mechanism being also operated when the
armature is released by the electromagnet to
operate the detentand release the sw1tch and
a second spring loeated upon the same side
of the armature - pivot with the aforesaid
spring for insuring the positive withdrawal
of the armature when released by the electro-
magnet, substantially as described.

5. In a circuit- breaker, the combination
with a switch, of a detent for normally secur-
ing the same in a closed position; an electro-
magnet, an armature therefor, an adjusting-
spring cooperating with the electromagnet
when normally energized for holding the ar-
matureinanintermediate position, and mech-
anism intervening between the armature and
detent, saild mechanism being operated by
the armature when further attracted by the
electromagnet in opposition to said spring to
operate the detent and release the switch,
said mechanism being also operated when the
armature is released by the electromagnet to
operate the detent and release the switch, sub-
stantially as described.

6. In a eircuit- breaker, the combination
with a switch, of a detent for normally secur-
ing the same in a closed position, an electro-
magnet, an armature therefor, an adjusting-
spring codperating with the electromagnet
when normally energized for holding the ar-
mature in an intermediate position, mechan-
ism intervening between the armature and
detent, said mechanism, being operated by
the armature when further attracted by the

_electromagnet in opposition to said spring to

operate the detent and release the switeh,
said mechanism being also operated when
thearmature is released by the electromagnet
to operate the detent and release the switch,

and a second spring for insuring the positive.

withdrawal of the armature when released by
the electromagnet, substantially as described.

7. In a circuit- breaker, the combination.

with a switch, of a detent for normally secur-
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Q.

ing the same in a closed position, an eleetro-
magnet, an armature therefor, an adjusting-
spring codperating with the electromagnet
when normally energized for holding the ar-
mature in an intermediate position, mechan-
ism intervening between the armature and
detent, said mechanism being operated by
the armature when further attracted by the
electromagnet in opposition to said spring to
operate the detent and release the switch,
said mechanism being also operated when the
armature is released by the electromagnet to
operate the detent and release the switch,
and a second spring, located upon the same
side of the armature-pivot with the aforesaid
spring for insuring the positive withdrawal
of the armature when released by the elec-
tromagnet, substantially as described.

8. In a ecircuit - breaker, the combination
with the switch member thereof, of a detent
for normally securing the same in a closed po-
sition, an electromagnet provided with a fixed
magnetie core, an armature, a fixed magnetic
portion 18 for completing the magnetic cir-
cuit between oné end of said core and the
armature, said armature being adapted to
move axially of said magnet, and means
whereby a movement in either direction of
said armature from its normal position is
adapted to effect the release of the detent
from the switch, substantially as described.

9. In a circuit- breaker, the combination
with the switch member thereof, of a detent
for normally securing the switch in a closed
position, an electromagnet, a pivoted arma-
ture therefor,an arm 15 intervening between
the armature and detent and adapted for en-
gagement with the armature upon one side of
its pivot,mechanism intervening betweensaid
arm and a portion of the armature upon the
other side of its pivot, and a spring coodper-
ating with the electromagnet when normally
energized to hold the armature in an inter-
mediate position, the said armature when
drawn farther toward the magnet serving to
engage the said arm to operate the detent and
release the switch, and when released by the
magunet serving through the agency of the
said intervening mechanism also to operate
the detent and release the switch, substan-
tially as described.

10. In a circuit-breaker, the combination
with the switch member thereof, of a detent
for normally securing the switch in a closed

5 position, an electromagnet, a pivoted arma-

ture therefor, an arm 15 intervening between
the armature and detent and adapted for en-
gagement with the armature upon one side of
the pivot, mechanism intervening between
said arm and the portion of the armature upon
the other side of its pivot, said mechanism
comprising aswinging arm 23 having engage-
ment with the arm 15 and a second arm 22
linked to the arm 23 and the armature, and a
spring codperating with the electromagnet
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when normally energized to hold the arma-
ture in an intermediate position, the said ar-
mature when drawn farther toward the mag-
net serving to engage the said arm to operate
the detent and release the switch, and when
released by the magnet serving through the
agency of the said intervening mechanism
also to operate the detent and release the
switch, substantially as described.

11. In a circuit-breaker, the combination
with the switch member thereof, of a detent
for normally securing the switeh in a closed
position, an electromagnet, a pivoted arma-
ture therefor, an arm 15 intervening between
the armature.and detent and.adapted for en-
gagement with the armature upon one side
of its pivot, mechanism intervening between
said arm and the portion of the armature
upon the otherside of its pivot, said mechan-
ism eomprisinga swinging arm 23 having en-
gagement with the arm 15 and the sefond
arm 22 linked to the arm 23 and the arma-
ture, a spring codperating with the electro-
magnet when normally energized to hold the
armature in an intermediate position, the
said armature when drawn farther toward
the magnet, serving to engage the said arm
to operate the detent and release the switch,
and when released by the magnet serving
through the agenecy of the said intervening
mechanism also to operate the detent and re-
lease the switch; and an adjusting-spring co-
operating with the magnet when normally en-
ergized to hold the armature in an interme-
diate position, substantially as described.

12. In a system of electrical distribution,
the combination with a cireuit, of a switch
for controlling the continuity thereof, a de-
tent for normally securing the switeh in a
closed position, an electromagnet connected
in the circuit, an armature for the electro-
magnet, for operating the detent to effect
the release of the switch, an adjusting-spring
codperating with the electromagnet to hold
the armature in a normal position, the said
spring serving to determine the degree of
energization in the magnet necessary for the
operation of the armature, the said spring
having separable engagement with the ar-
maiure, and means permitting the armature
when released to be disengaged from the
spring, said armature when released also serv-
ing to operate the detent to release the switch,
sub%tantnally as described.

13. .In a system of electrical dlstubumon
the combination with a circuit, of a sw1tch
for controlling the continuity theleof a de-
tent for normally securing the sw1l;ch ina
closed position, an electxomavnet‘, connected
in the circuit, an armature for the electro-
magnet, for operating the detent to effect the
release of the switeh, an adjusting-spring co-
operating with the electromagnet to hold the
armatureina normal position, thesaidspring
serving to determine the degree of energiza-
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tion in the magnet necessary for the opera-
tion of the armature, the said spring having
separable engagement with the armature,
and means permitting the armature when re-
leased to bedisengaged from the spring, said
armature when released also serving to op-
erate the detent to release the switch, and
an additional spring for insuring the with-

drawal of the armature from the magnet
when released, substantially as described. 10
In witness whereof Thereuntosubseribe my
name this 28th day of October, A. D. 1899.
CLARENCE H. NORWOOD.
Witnesses:
GEORGE L. CRAGG,
MAX ZABEL.




